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(57) ABSTRACT

The axial direction B of the spindle 64 for supporting the
movable pulleys 58 and 59 is arranged at a position rotated
about the axis of the shaft relative to the axial direction of
the spindle 56. The axial direction B of the spindle 64 is
arranged in a state of being inclined by a predetermined
angle with respect to the axial direction A when the movable
pulleys 58 and 59 are in the lifted position. This allows the
movable pulleys 58 and 59 to be automatically moved to a
position at which no stress is applied to the first wire rope 54.

6 Claims, 11 Drawing Sheets
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MOBILE RADIOGRAPHIC IMAGING
APPARATUS

TECHNICAL FIELD

The present invention relates to a mobile radiographic
imaging apparatus.

BACKGROUND ART

A mobile X-ray imaging apparatus, which is a kind of
mobile radiographic imaging apparatus, is also referred to as
an X-ray imaging apparatus for rounds, and performs X-ray
imaging by moving between hospital rooms. This mobile
X-ray imaging apparatus is provided with a main body
having front wheels and rear wheels, a support column
erected on the main body, a lifting and lowering member that
moves upward and downward along the support column in
a state of supporting an X-ray irradiation unit composed of
an X-ray tube and a collimator, an X-ray detector that detects
X-rays emitted from the X-ray irradiation unit and passed
through the subject, and a battery disposed inside the main
body.

In such a mobile X-ray imaging apparatus, it is necessary
to lift and lower the X-ray irradiation unit composed of an
X-ray tube and a collimator depending on the situation of
imaging. At this time, since the X-ray irradiation unit has a
large weight, a lifting and lowering assist mechanism is
adopted in order to facilitate lifting and lowering of the
X-ray irradiation unit. As this lifting and lowering assist
mechanism, conventionally, a lifting and lowering assist
mechanism is used in which an X-ray irradiation unit is
connected to one end of a wire rope wound around a fixed
pulley and a counterweight having a weight similar to that
of'the X-ray irradiation unit is connected the other end of the
wire rope. However, this lifting and lowering assist mecha-
nism has a problem that the weight of the entire device is
increased since it uses a counterweight having the similar
weight as that of the X-ray irradiation unit in addition to the
X-ray irradiation unit. For this reason, a lifting and lowering
assist mechanism using a spring instead of a counterweight
has been proposed.

In the lifting and lowering assist mechanism using a
spring, in order to cope with the change of the urging force
due to the extension and contraction of the spring, the
configuration using a pulley (pulley) in which the winding
radius of the wire rope changes according to the rotation
angle is adopted. That is, in Patent Document 1, a mobile
X-ray device is disclosed in which a lifting and lowering
assist mechanism using a cone pulley on which a spiral
groove is formed is used. Further, in Patent Document 2, a
mobile X-ray device equipped with a variable radius pulley
is disclosed.

PRIOR ART
Patent Document
Patent Document 1: Japanese Unexamined Patent Applica-
tion Publication No. 2004-33415
Patent Document 2: European Unexamined Patent Applica-
tion Publication No. 2859849
SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

When using a spiral cone pulley in which a winding radius
of'a wire rope changes in accordance with the rotation angle
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changes as described in Patent Document 1 and Patent
Document 2, the position at which the wire rope is separated
from the surface of the spiral cone pulley moves in the axial
direction of the spiral cone pulley as the rotation angle
position of the spiral cone pulley changes. For this reason,
in the configuration in which the wire rope is wound around
other pulleys, the stress in the twist direction is applied to the
wire rope, which causes a problem of shortening the life of
the wire rope.

The present invention has been made to solve the afore-
mentioned problems, and aims to provide a mobile radio-
graphic imaging apparatus capable of preventing shortening
of a life of a wire rope by preventing a stress in a twist
direction from being applied to the wire rope even in the
case of using a spiral cone pulley in which a winding radius
of'the wire rope changes in accordance with a rotation angle.

Means for Solving the Problems

According to the invention as recited in claim 1, a mobile
radiographic imaging apparatus is provided with a main
body with wheels, a support column erected on the main
body, and a lifting and lowering member configured to be
lifted and lowered along the support column in a state of
supporting the radiation irradiation portion. The radio-
graphic imaging apparatus includes: a spiral cone pulley in
which a winding radius of a wire rope changes depending on
a rotation angle, the spiral cone pulley being provided at an
upper portion of the support column in a rotatable manner;
a movable pulley; a wire rope wound around the movable
pulley and the spiral cone pulley with one end of the wire
rope fixed to the support column and the other end thereof
fixed to the spiral cone pulley; a movable pulley holder
configured to support a rotary spindle of the movable pulley;
a spring configured to apply tension to the wire rope; a
coupling mechanism configured to couple the movable
pulley holder with the spring in a manner as to be rotatable
about an axis facing a central axis direction of the spring;
and a lifting and lowering drive mechanism configured to lift
and lower the lifting and lowering member by rotation of the
spiral cone pulley.

According to the invention as recited in claim 2, in the
invention as recited in claim 1, the movable pulley holder is
configured to be tiltable with respect to an axis facing the
central axis direction of the spring.

According to the invention as recited in claim 3, in the
invention as recited in claim 1, the lifting and lowering drive
mechanism includes: a winding pulley that rotates in syn-
chronization with the spiral cone pulley; a second wire rope
wound around the winding pulley with one end of the second
wire rope fixed to the winding pulley and the other end
thereof fixed to the lifting and lowering member.

According to the invention as recited in claim 4, in the
invention as recited in any one of claims 1 to 3, the spring
is a compression coil spring with an upper end fixedly in
contact with an upper spring seat provided at a holding
member, and the coupling mechanism is provided with a
shaft that couples a lower spring seat in contact with a lower
end of the compression coil spring and the movable pulley
holder.

Effects of the Invention

According to the invention as recited in claim 1, it is
possible to automatically move the rotation angle position of
the movable pulley about an axis facing the central axis
direction of the spring to a position where no stress is
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applied to the wire rope. This makes it possible to reduce the
stress applied to the wire rope, which in turn can prevent the
shortening of the life of the wire rope.

According to the invention as recited in claim 2, it is
possible to automatically move the inclination angle posi-
tion of the movable pulley with respect to the axis facing the
central axis direction of the spring to a position where no
stress is applied to the wire rope. This makes it possible to
further reduce the stress applied to the wire rope, which in
turn can prevent the shortening of the life of the wire rope.

According to the invention as recited in claim 3, even with
a simple configuration using the winding pulley and the
second wire rope, it is possible to easily lift and lower the
lifting and lowering member by utilizing the rotation of the
spiral cone pulley.

According to the invention as recited in claim 4, since the
compression coil spring is used, it is possible to prevent the
lifting and lowering member from lowing by a large distance
together with the radiation irradiation portion even when the
spring is broken.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a mobile X-ray imaging
apparatus as a mobile radiographic imaging apparatus
according to the present invention.

FIG. 2 is a schematic side diagram showing a lifting and
lowering mechanism of a first lifting and lowering member
42 and a second lifting and lowering member 43.

FIG. 3 is a schematic side view showing a lifting and
lowering state of the first lifting and lowering member 42
and the second lifting and lowering member 43.

FIG. 4 is a schematic side view showing a lifting and
lowering state of the first lifting and lowering member 42
and the second lifting and lowering member 43.

FIG. 5 is a side view of the lifting and lowering assist
mechanism.

FIG. 6 is a front view of the lifting and lowering assist
mechanism.

FIG. 7 is a top view of the lifting and lowering assist
mechanism.

FIG. 8 is a front view of a movable pulley holder 63, etc.

FIG. 9 is a cross-sectional view taken along the line C-C
in FIG. 8.

FIG. 10 is a cross-sectional view taken along the line D-D
in FIG. 9.

FIG. 11 is an explanatory view showing a movement
operation of the movable pulleys 58 and 59 when the X-ray
tube 44 and the collimator 45 are lifted and lowered.

EMBODIMENTS FOR CARRYING OUT THE
INVENTION

Hereinafter, embodiments of the present invention will be
described with reference to the drawings. FIG. 1 is a
schematic diagram of a mobile X-ray imaging apparatus as
a mobile radiographic imaging apparatus according to the
present invention.

This mobile X-ray imaging apparatus is also referred to as
an X-ray imaging apparatus for rounds for performing X-ray
imaging by moving between hospital rooms, and is provided
with a main body 1 composed of a body 2 and a chassis 3.
On the front side in the traveling direction of the chassis 3
in this mobile X-ray imaging apparatus, a pair of left and
right front wheels 11 which are wheels for changing the
direction is provided. Further, on the rear side in the trav-
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eling direction of the chassis 3 in this mobile X-ray imaging
apparatus, a pair of left and right rear wheels 12 which are
driving wheels is provided.

On the front side of the chassis 3 constituting the main
body 1 in the traveling direction, a support column 41 is
erected. A first lifting and lowering member 42 and a second
lifting and lowering member 43 are provided to the support
column 41 in a vertically movable manner. The second
lifting and lowering member 43 has a substantially L-shape
in a side view, and is provided with, at its tip end, an X-ray
irradiation unit composed of an X-ray tube 44 and a colli-
mator 45. The first lifting and lowering member 42 and the
second lifting and lowering member 43 constitute the lifting
and lowering member according to the present invention,
and the X-ray tube 44 and the collimator 45 are lifted and
lowered in accordance with the lifting and lowering opera-
tions of the first lifting and lowering member 42 and the
second lifting and lowering member 43. The support column
41 is supported rotatably about the vertical axis, and the
X-ray tube 44 and the collimator 45 turn together with the
second lifting and lowering member 43 as the support
column 41 rotates.

The body 2 constituting the main body 1 is provided with
an operation handle 21 for operating the traveling direction
of the main body 1, an LCD touch panel 22 functioning as
a display unit and an operation unit, and a storage portion 23
for storing an X-ray detector 24, such as, e.g., a flat panel
detector for detecting X-rays irradiated from the X-ray tube
44 and passed through a subject.

First, the lifting and lowering operations of the first lifting
and lowering member 42 and the second lifting and lowering
member 43 will be described. FIG. 2 is a schematic side
diagram showing the lifting and lowering mechanism of the
first lifting and lowering member 42 and the second lifting
and lowering member 43. FIG. 3 and FIG. 4 are side views
showing the lifting and lowering states of the first lifting and
lowering member 42 and the second lifting and lowering
member 43. FIG. 3 shows a state in which the first lifting and
lowering member 42 and the second lifting and lowering
member 43 are lowered, and FIG. 4 shows a state in which
the first lifting and lowering member 42 and the second
lifting and lowering member 43 are lifted.

The first lifting and lowering member 42 can be lifted and
lowered along the support column 41 by a guide member
(not shown) provided to the support column 41. The second
lifting and lowering member 43 can be lifted and lowered
along the first lifting and lowering member 42 together with
the X-ray tube 44 and the collimator 45 by a guide member
(not shown) provided to the first lifting and lowering mem-
ber 42.

As shown in FIG. 2, at the upper portion of the support
column 41, a winding pulley 52 described later is provided
rotatably about a spindle 56 fixed to the upper portion of the
support column 41. A second wire rope 53 is wound around
the winding pulley 52 with one end fixed to the winding
pulley 52 and the other end fixed to a base portion 47
provided at the lower end portion of the first lifting and
lowering member 42. For this reason, when the winding
pulley 52 rotates and the winding amount of the second wire
rope 53 with respect to the winding pulley 52 changes, the
first lifting and lowering member 42 is lifted and lowered.

On the other hand, as shown in FIG. 2, at the upper
portion of the first lifting and lowering member 42, a fixed
pulley 31 is provided rotatably about a support spindle 32
fixed at the upper portion of the first lifting and lowering
member 42. A wire rope 55 for the second lifting and
lowering member 43 is wound around the fixed pulley 31
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with one end fixed to the base portion 46 provided to the
lower end portion of the support column 41 and the other
end fixed to a base portion 48 provided to the lower end
portion of the second lifting and lowering member 43. For
this reason, when the wire rope 55 is unwound to the base
portion 46 side in accordance with the lifting of the first
lifting and lowering member 42 by the action of the second
wire rope 53, the second lifting and lowering member 43
also is lifted with respect to the first lifting and lowering
member 42. On the other hand, when the wire rope 55 is
unwound to the base portion 48 side in accordance with the
lowering of the first lifting and lowering member 42, the
second lifting and lowering member 43 also is lowered with
respect to the first lifting and lowering member 42.

For this reason, when the first lifting and lowering mem-
ber 42 is lifted in accordance with the rotating of the winding
pulley 52, as shown in FIG. 4, the second lifting and
lowering member 43 is lifted together with the X-ray
irradiation unit composed of the X-ray tube 44 and the
collimator 45 two times as much as the lifting amount of the
first lifting and lowering member 42. When the first lifting
and lowering member 42 is lowered in accordance with the
rotating of the winding pulley 52, as shown in FIG. 3, the
second lifting and lowering member 43 is lowered together
with the X-ray irradiation unit composed of the X-ray tube
44 and the collimator 45 two times as much as the lowering
amount of the first lifting and lowering member 42. Note
that when the support column 41 rotates about the axis
facing in the vertical direction with respect to the chassis 3
constituting the main body 1, the X-ray irradiation unit
composed of the X-ray tube 44 and the collimator 45 is
turned together with the second lifting and lowering member
43.

Next, the configuration of the lifting and lowering assist
mechanism, which is a feature portion of the present inven-
tion, for assisting the lifting and lowering of the X-ray
irradiation unit composed of the X-ray tube 44 and the
collimator 45 by lifting and lowering the first lifting and
lowering member 42 will be described. FIG. 5 is a side view
of the lifting and lowering assist mechanism. FIG. 6 is a
front view of the lifting and lowering assist mechanism.
Further, FIG. 7 is a top view of the lifting and lowering assist
mechanism.

The lifting and lowering assist mechanism is provided
with a spiral cone pulley 51 and a winding pulley 52
connected to the spiral cone pulley 51. The spiral cone
pulley 51 and the winding pulley 52 are rotatably supported
at the upper portion of the support column 41 with respect
to a spindle 56 provided to a pair of support plates 61
connected to the support column 41. Here, the spiral cone
pulley 51 is a pulley having a conical shape in which the
winding radius of a wire rope is changed by the rotation
angle. The groove portion formed on the spiral cone pulley
51 which is a winding position of the wire rope is spiral in
a front view.

A fixed pulley 57 is rotatably supported by the spindle 56
on which the spiral cone pulley 51 and the winding pulley
52 are rotatably supported. Below the spiral cone pulley 51,
the winding pulley 52, and the fixed pulley 57, a pair of
movable pulleys 58 and 59 associated with the spiral cone
pulley 51, the winding pulley 52, the fixed pulley 57, and the
first wire rope 54 is arranged. These movable pulleys 58 and
59 are rotatably supported by a spindle 64 provided to the
movable pulley holder 63.

The first wire rope 54 is fixed, at one end thereof, to the
upper plate 65 of the support column 41 by a fixing member
66. This first wire rope 54 extends downward from the upper
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plate 65 of the support column 41 and is sequentially wound
around the movable pulley 58, the fixed pulley 57, and the
movable pulley 59, and then wound around the spiral groove
of'the spiral cone pulley 51, and the other end is fixed to the
spiral cone pulley 51 by the fixing portion 67 (see FIG. 6).
Thus, as the spiral cone pulley 51 is rotated, the fixed pulley
57 and the movable pulleys 58 and 59 are rotated. When the
spiral cone pulley 51, the fixed pulley 57, and the movable
pulleys 58 and 59 are rotated, the movable pulleys 58 and 59
are lifted and lowered together with the movable pulley
holder 63 by the action of the first wire rope 54 wound
around the pulleys.

On the other hand, as described above, the second wire
rope 53 is wound around the winding pulley 52. One end of
the second wire rope 53 is fixed to the winding pulley 52 at
a fixing portion 68 (see FIG. 6). The other end of the second
wire rope 53 is fixed to the base portion 47 (see FIG. 2)
arranged at the lower end portion of the first lifting and
lowering member 42 as described above. As the winding
pulley 52 is rotated together with the spiral cone pulley 51
and the winding amount of the second wire rope 53 by the
winding pulley 52 changes, the first lifting and lowering
member 42 is lifted and lowered.

A shaft 70 is provided at the lower end portion of the
movable pulley holder 63. At the lower end portion of this
shaft 70, a lower spring seat 75 is provided via the thrust
bearing 76. For this reason, the shaft 70 is rotatable relative
to the lower spring seat 75. At the lower surface of the lower
plate 62 supported at the lower end portions of the pair of the
support plates 61, an upper spring seat 73 is provided. Slide
bearings 77 are provided between the upper spring seat 73
and the shaft 70, so the shaft 70 can slide and rotate with
respect to the upper spring seat 73. Furthermore, a junction
spring seat 74 is provided between the upper spring seat 73
and the lower spring seat 75. Slide bearings 77 are arranged
between the junction spring seat 74 and the shaft 70, so the
shaft 70 can slide and rotate relative to the junction spring
seat 74.

A compression coil spring 71 is disposed between the
upper spring seat 73 and the junction spring seat 74, and the
compression coil spring 71 is fixed in a state in which it is
in contact with the upper spring seat 73 and the junction
spring seat 74. Further, a compression coil spring 72 is
disposed between the junction spring seat 74 and the lower
spring seat 75, and the compression coil spring 72 is fixed
in a state in which it is in contact with the junction spring
seat 74 and the lower spring seat 75. The shaft 70 is arranged
at a position corresponding to the central axis of the com-
pression coil springs 71 and 72. The shaft 70 does not have
to be arranged at the position that coincides with the central
axis of the compression coil springs 71 and 72, and may be
arranged so as to face the central axis direction (up-down
direction in FIG. 5 and FIG. 6) of the compression coil
springs 71 and 72.

This shaft 70 functions as a coupling mechanism that
couples the movable pulley holder 63 with the compression
coil springs 71 and 72 in a rotatable state about an axis
facing the central axis direction of the compression coil
springs 71 and 72. When the movable pulley holder 63 is
lifted, the compression coil springs 71 and 72 are com-
pressed. Here, the urging force to the movable pulley holder
63 by the compression coil springs 71 and 72 increases in
proportion to the amount of compression. On the other hand,
the first wire rope 54 is wound around the pair of movable
pulleys 58 and 59 supported by the movable pulley holder 63
and the spiral cone pulley 51. A spiral groove is formed on
the spiral cone pulley 51, and as the winding amount of the
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first wire rope 54 with respect to the spiral cone pulley 51
increases, the distance of the winding position of the first
wire rope 54 from the spindle 56 increases. As a result,
regardless of the height position of the movable pulley
holder 63 (i.e., the rotation angle position of the spiral cone
pulley 51), the first wire rope 54 exerts the function of
pulling up the base portion 47 (see FIG. 2) provided at the
lower end portion of the first lifting and lowering member 42
with a constant tensile force. Therefore, when lifting and
lowering the X-ray irradiation unit composed of the X-ray
tube 44 and the collimator 45 supported by the second lifting
and lowering member 43 via the first lifting and lowering
member 42, it becomes possible to assist the lifting and
lowering operation so that they can be lifted and lowered
with a constant force.

FIG. 8 is a front view of the movable pulley holder 63, etc.
FIG. 9 is a cross-sectional view taken along the line C-C in
FIG. 8. FIG. 10 is a cross-sectional view taken along the line
D-D in FIG. 9.

A threaded portion 80 is formed at the upper end of the
shaft 70, and the threaded portion 80 is screwed to the shaft
bracket 81. The threaded portion 80 of the shaft 70 is fixed
to the shaft bracket 81 by the nut 82 functioning as a double
nut. Shaft portions 83 are formed on both sides of the shaft
bracket 81, and the shaft portions 83 are pivotally supported
by hole portions formed in the lower region 84 of the
movable pulley holder 63. For this reason, the movable
pulley holder 63 is capable of tilting with respect to the shaft
70 about the shaft portion 83 together with the pair of
movable pulleys 58 and 59. That is, the movable pulley
holder 63 is configured to be tiltable together with the pair
of movable pulleys 58 and 59 with respect to the shaft 70
facing the central axis direction of the compression coil
springs 71 and 72.

Next, in the mobile X-ray imaging apparatus provided
with the lifting and lowering assist mechanism having the
above-described configuration, the lifting and lowering
operation for lifting and lowering the X-ray tube 44 and the
collimator 45 will be described. FIG. 11 is an explanatory
view showing the movement operation of the movable
pulleys 58 and 59 when the X-ray tube 44 and the collimator
45 are lifted and lowered.

As shown in FIG. 3, in a state in which the first lifting and
lowering member 42 and the second lifting and lowering
member 43 are lowered, the winding pulley 52 is rotated
counterclockwise as viewed from the spiral cone pulley 51
side by the action of the second wire rope 53. In this state,
as shown by the virtual line in FIG. 11, the first wire rope 54
wound around the movable pulley 58, the fixed pulley 57,
and the movable pulley 59 in this order is wound around the
spiral cone pulley 51 at the small diameter region of the
spiral cone pulley 51. Therefore, the position where the first
wire rope 54 wound around the fixed pulley 57 is separated
from the fixed pulley 57 and the position where the first wire
rope 54 wound around the spiral cone pulley 51 is separated
from the spiral cone pulley 51 are close in the axial direction
of the spindle 56, and the distance from the axis of the
spindle 56 is also close. Thus, the axial direction A of the
spindle 64 provided to the movable pulley holder 63 sup-
porting the movable pulleys 58 and 59 is substantially
parallel to the axial direction of the spindle 56 supporting the
fixed pulley 57, the spiral cone pulley 51, and the winding
pulley 52.

Note that in this state, the compression coil springs 71 and
72 shown in FIG. 5 and FIG. 6 are compressed, so the upper
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spring seat 73 and the lower spring seat 75 are positioned
closer to each other than the state shown in FIG. 5 and FIG.
6.

On the other hand, as shown in FIG. 4, in a state in which
the first lifting and lowering member 42 and the second
lifting and lowering member 43 are lifted, the winding
pulley 52 is rotated clockwise as viewed from the spiral cone
pulley 51 side by the action of the second wire rope 53. In
this state, as shown by the solid line in FIG. 11, the first wire
rope 54 wound around the movable pulley 58, the fixed
pulley 57, and the movable pulley 59 in this order is wound
around the spiral cone pulley 51 at the large diameter region
of the spiral cone pulley 51. For this reason, the position
where the first wire rope 54 wound around the fixed pulley
57 is separated from the fixed pulley 57 and the position
where the first wire rope 54 wound around the spiral cone
pulley 51 is separated from the spiral cone pulley 51 are
spaced apart in the axial direction of the spindle 56, and the
distance from the axis of the spindle 56 is also far. For this
reason, the stress to rotate the movable pulleys 58 and 59
about the axis of the shaft 70 with respect to the first wire
rope 54 extending from the movable pulley 59 to the spiral
cone pulley 51 and the stress to tilt the movable pulleys 58
and 59 relative to the axis of the shaft 70 occur.

However, the movable pulley holder 63 supporting the
movable pulleys 58 and 59 via the spindle 64 is rotatable
about the axis of the shaft 70. Therefore, at this time, the
axial direction B of the spindle 64 provided to the movable
pulley holder 63 supporting the movable pulleys 58 and 59
is placed at the position rotated about the axis of the shaft 70
with respect to the axial direction of the spindle 56 support-
ing the fixed pulley 57, the spiral cone pulley 51, and the
winding pulley 52. Further, the movable pulley holder 63
supporting the movable pulleys 58 and 59 via the spindle 64
is tiltable relative to the shaft 70. Therefore, at this time, the
axial direction B of the spindle 64 provided to the movable
pulley holder 63 supporting the movable pulleys 58 and 59
is placed in a state of being inclined by a predetermined
angle with respect to the axial direction A when the movable
pulleys 58 and 59 are in the raised position. This allows the
movable pulleys 58 and 59 to be automatically moved to a
position at which no stress is applied to the first wire rope 54.
This makes it possible to reduce the stress applied to the first
wire rope 54, which in turn can prevent the shortening of the
life of the first wire rope 54.

Note that in this state, the compression coil springs 71 and
72 shown in FIG. 5 and FIG. 6 are in an extended state, and
the upper spring seat 73 and the lower spring seat 75 are
arranged at the positions shown in FIG. 5 and FIG. 6.

When the first lifting and lowering member 42 and the
second lifting and lowering member 43 are lowered together
with the X-ray tube 44 and the collimator 45, the compres-
sion coil springs 71 and 72 are compressed, and the first wire
rope 54 is wound around the small diameter portion of the
spiral cone pulley 51. On the other hand, when the first
lifting and lowering member 42 and the second lifting and
lowering member 43 are lifted together with the X-ray tube
44 and the collimator 45, the compression coil springs 71
and 72 are extended, and the first wire rope 54 is wound
around the large diameter portion of the spiral cone pulley
51. As a result, regardless of the height position of the
movable pulleys 58 and 59, the first wire rope 54 exerts the
action of pulling up the second lifting and lowering member
43 and the first lifting and lowering member 42 connected
thereto via the wire rope 55 with a constant tensile force.
Therefore, it becomes possible to appropriately assist the
lifting and lowering operation of the X-ray irradiation unit
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composed of the X-ray tube 44 and the collimator 45
supported by the second lifting and lowering member 43 via
the first lifting and lowering member 42.

Since the compression coil springs 71 and 72 are used to
assist the lifting and lowering, even if the compression coil
springs 71 and/or 72 is broken, the movable pulley holder 63
connected to the shaft 70 is moved upward by one turn of the
compression coil spring 71, 72. Therefore, even in cases
where the compression coil springs 71 and/or 72 is broken,
it is possible to effectively prevent the first lifting and
lowering member 42 and the second lifting and lowering
member 43 from lowering by a great distance together with
the X-ray tube 44 and the collimator 45.

In the embodiment described above, it is configured such
that the first lifting and lowering member 42 is lifted and
lowered by the rotation of the spiral cone pulley 51, the fixed
pulley 31 is provided rotatably about the support spindle 32
fixed to the upper portion of the first lifting and lowering
member 42 in order to lift and lower the second lifting and
lowering member 43 by utilizing the power of lifting and
lowering the first lifting and lowering member 42, and the
wire rope 55 for lifting and lowering the second lifting and
lowering member 43 wound around the fixed pulley 31 is
provided with the one end fixed to the base portion 46
provided at the lower end portion of the support column 41
and the other end fixed to the base portion 48 provided at the
lower end portion of the second lifting and lowering member
43. However, other lifting and lowering drive mechanisms,
such as, e.g., racks and pinions and chains and sprockets,
may be employed. Furthermore, the movement amount ratio
of the first lifting and lowering member 42 and the second
lifting and lowering member 43 may be other than two
times.

Further, in the aforementioned embodiment, the X-ray
irradiation unit composed of the X-ray tube 44 and the
collimator 45 is lifted and lowered by the first lifting and
lowering member 42 and the second lifting and lowering
member 43. However, instead of using the first lifting and
lowering member 42 and the second lifting and lowering
member 43, a single lifting and lowering member or three or
more lifting and lowering members may be used to lift and
lower the X-ray irradiation unit by this lifting and lowering
member.

In the embodiment described above, the X-ray irradiation
unit composed of the X-ray tube 44 and the collimator 45 is
supported by the second lifting and lowering member 43
having a substantially [-shape in a side view. However, as
a support member for supporting the X-ray irradiation unit,
any other shape may be used.

In the embodiment described above, although a pair of
compression coil springs 71 and 72 is used, instead of the
pair of compression coil springs 71 and 72, a single com-
pression coil spring may be used. However, when using a
pair of compression coil springs 71 and 72, it is possible to
prevent the buckling of the springs and obtain a large stroke.
Note that three or more compression coil springs may be
used.

Also, in place of the compression coil springs 71 and 72,
a tension spring may be used. However, as described above,
when using the compression coil springs 71 and 72, even
when a part of the springs is broken, it is possible to
effectively prevent the first and second lifting and lowering
members 42 and 43 from lowering by a great distance
together with the X-ray irradiation unit.

Further, the first wire rope 54 and the second wire rope 53
in the above-described embodiment may be respectively
configured by two wire ropes to prevent lowing.
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In the embodiment described above, the pair of movable
pulleys 58 and 59 and the fixed pulley 57 are used, but it may
be configured such that one movable pulley is used and the
fixed pulley 57 is omitted. However, when multiple movable
pulleys and a fixed pulley are used, it is possible to make the
lifting and lowering stroke of the X-ray irradiation unit
composed of the X-ray tube 44 and the collimator 45 larger
than the stroke of the compression coil springs 71 and 72.

Furthermore, the LCD touch panel 22 may not be pro-
vided as a display unit. The X-ray detector 24 may not
necessarily be a flat panel detector, such as, e.g., an X-ray
film and a sheet using a stimulable phosphor.

DESCRIPTION OF REFERENCE SYMBOLS

1: main body

2: body

3: chassis

11: front wheel

12: rear wheel

31: fixed pulley

41: support column

42: first lifting and lowering member

: second lifting and lowering member

: X-ray tube

: collimator

: spiral cone pulley

: winding pulley

: second wire rope

: first wire rope

: wire rope

: spindle

: fixed pulley

: movable pulley

: movable pulley

: movable pulley holder

: spindle

: shaft

: compression coil spring

: compression coil spring

: upper spring seat

: junction spring seat

: lower spring seat

: thrust bearing

: slide bearing

: threaded portion

: shaft bracket

: shaft portion

The invention claimed is:

1. A mobile radiographic imaging apparatus provided
with a main body with wheels, a support column erected on
the main body, and a lifting and lowering member config-
ured to be lifted and lowered along the support column in a
state of supporting a radiation irradiation portion, the mobile
radiographic imaging apparatus comprising:

a lifting and lowering assist mechanism including a spiral
cone pulley in which a winding radius of a wire rope
changes depending on a rotation angle, the spiral cone
pulley being provided at an upper portion of the support
column in a rotatable manner, a movable pulley, and a
wire rope wound around the movable pulley and the
spiral cone pulley with one end of the wire rope fixed
to the support column and the other end thereof fixed to
the spiral cone pulley;

a movable pulley holder configured to support a rotary
spindle of the movable pulley;

a spring configured to apply tension to the wire rope;
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a coupling mechanism configured to couple the movable
pulley holder with the spring in a manner as to be
rotatable about an axis facing a central axis direction of
the spring; and

a lifting and lowering drive mechanism configured to lift
and lower the lifting and lowering member by rotation
of the spiral cone pulley,

wherein the lifting and lowering assist mechanism is
configured to change a rotation angle of the movable
pulley holder according to the winding amount of the
wire rope wound around the spiral cone pulley.

2. The mobile radiographic imaging apparatus as recited

in claim 1,

wherein the lifting and lowering drive mechanism
includes:

a winding pulley that rotates in synchronization with the
spiral cone pulley; and

a second wire rope wound around the winding pulley with
one end of the second wire rope fixed to the winding
pulley and the other end thereof fixed to the lifting and
lowering member.

3. A mobile radiographic imaging apparatus provided
with a main body with wheels, a support column erected on
the main body, and a lifting and lowering member config-
ured to be lifted and lowered along the support column in a
state of supporting a radiation irradiation portion, the mobile
radiographic imaging apparatus comprising:

a spiral cone pulley in which a winding radius of a wire
rope changes depending on a rotation angle, the spiral
cone pulley being provided at an upper portion of the
support column in a rotatable manner;

a movable pulley;

a wire rope wound around the movable pulley and the
spiral cone pulley with one end of the wire rope fixed
to the support column and the other end thereof fixed to
the spiral cone pulley;

a movable pulley holder configured to support a rotary
spindle of the movable pulley;

a spring configured to apply tension to the wire rope;

a coupling mechanism configured to couple the movable
pulley holder with the spring in a manner as to be
rotatable about an axis facing a central axis direction of
the spring; and

a lifting and lowering drive mechanism configured to lift
and lower the lifting and lowering member by rotation
of the spiral cone pulley,

wherein the movable pulley holder is configured to be
tiltable with respect to an axis facing the central axis
direction of the spring.

4. The mobile radiographic imaging apparatus as recited

in claim 3,

10

20

25

30

35

40

45

50

12

wherein the lifting and lowering drive mechanism
includes:

a winding pulley that rotates in synchronization with the
spiral cone pulley; and

a second wire rope wound around the winding pulley with
one end of the second wire rope fixed to the winding
pulley and the other end thereof fixed to the lifting and
lowering member.

5. A mobile radiographic imaging apparatus provided
with a main body with wheels, a support column erected on
the main body, and a lifting and lowering member config-
ured to be lifted and lowered along the support column in a
state of supporting a radiation irradiation portion, the mobile
radiographic imaging apparatus comprising:

a spiral cone pulley in which a winding radius of a wire
rope changes depending on a rotation angle, the spiral
cone pulley being provided at an upper portion of the
support column in a rotatable manner;

a movable pulley;

a wire rope wound around the movable pulley and the
spiral cone pulley with one end of the wire rope fixed
to the support column and the other end thereof fixed to
the spiral cone pulley;

a movable pulley holder configured to support a rotary
spindle of the movable pulley;

a spring configured to apply tension to the wire rope;

a coupling mechanism configured to couple the movable
pulley holder with the spring in a manner as to be
rotatable about an axis facing a central axis direction of
the spring; and

a lifting and lowering drive mechanism configured to lift
and lower the lifting and lowering member by rotation
of the spiral cone pulley,

wherein the spring is a compression coil spring with an
upper end fixedly in contact with an upper spring seat
provided at a holding member, and

wherein the coupling mechanism is provided with a shaft
that couples a lower spring seat in contact with a lower
end of the compression coil spring and the movable
pulley holder.

6. The mobile radiographic imaging apparatus as recited

in claim 5,

wherein the lifting and lowering drive mechanism
includes:

a winding pulley that rotates in synchronization with the
spiral cone pulley; and

a second wire rope wound around the winding pulley with
one end of the second wire rope fixed to the winding
pulley and the other end thereof fixed to the lifting and
lowering member.
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